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SUMMARY

Calculations based on droplet-eveporation theory show that for a
given combustor length the percent of fuel mass vaporized can be in-
creaged by decreasing the fuel-drop slze and the initial drop velocity, \
or by increasing chamber pressure, final gas velocity, and initial fuel f
temperature. The analytical results of this study were correlated to give
a single curve of percent of fuel evaporated as a function of the chamber
length and the factors involving these perameters. The calculated results
agree with experimental results if the mass-mean-drop diameters for
various injectors are asssumed %0 be about 100 to 200 wmicrons.

INTRODUCTION

The large number of different phenomens that can have a fundamental
role in the cowbustion within a rocket engine maekes it difficult to
determine and study the controlling processes. Some of these phenomensa,
as given in references 1 and 2, are atomization, heating, vaporizationm,
liquid and gaseous diffusion, combustion of droplets, and liquid- or gas-
phase reaction. Several papers (refs. 1 to 4) have presented the current
concepts used in designing rocket englines and the similarity parameters
used in scaling.

These current spproaches have been based on flow and chemical-
reaction theories. The significance of veporization was neglected or,
at best, included in the analysis by a single dimensionless group. To
demonstrate the importance of vaporization, a model was used which assumed
that vaporization of the least volatile propellant was the rate-controlling
step in rocket-engine combustion. Celculations were made to determine
the vaporization rate and also a history of the fuel vaporized as a
function of the chamber length. Many engine parameters were varied to
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show how such parameters affected the chamber length required to vaporize
a glven percentage of the least volatile propellant.

Of the various techniques (refs. 5 to 8) for determining vaporization
rates, that given in reference 8 seemed most applicable to the conditions
encountered in rocket engines. This technique of reference 8 included
conslderations of the heating-up period of the drop, unidirectional 4if-
fusion, and the effect of mmss transfer on heat transfer. Furthermore, the
results of the technique are in good agreement with the experimental
results of single-drop investigations over a wide range of conditions
that approach those encountered in rocket engines (refs. 9 to 10). The
results were compared with experimental data to determine whether the
calculated and experimental results agree.

THEORY

The calculation technique used herein was based on applying knowm
steady-state mass, momentum, and heat-transfer equations to a droplet
vaporizing in a rocket engine. The process was divided into small in-
crements during which only small changes occur, as shown by the model of
figure 1.

A liquid droplet is shown at position " x eand a small increment
later in timwe A6 and distance Ax. During this increment, the drop
velocity v changes by & small amount Av. In this same increment, the
ges velocity u changes by Au. The drop veloecity would start at the
injectlion velocity and either slow down or speed up as determined by
the drag on the drop. Similarly, the gas velocity starts at zero and
lncreases as the propellants vaporize and burn. While the drop is moving
through the increment, heat is transferred to the liquid surface at a
constant rate qy, and fuel 1s being transferred from the surface at a

constant rate w; an oxidant is added to burn the vaporizing fuel instan-
taneously at stolchiometric conditions. During the increment, the mass
and the radius of the drop change from m] to me and ry; to ry,

respectively, while the temperature Tz changes by Amz.

The equations used to determine the mass-transfer rate are as follows:

w = AKpya (1)
2rK ]_/ 1/2
Nuy = ——== 2 .6 Sc!
Uy Dby +0 cl/3gel/ (2)
P P
= ln =—— 3
=5 ln g 5 (3)

TLED. .
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A rigorous derivation of equation (1) is given in references 8 and 10.
The mass transfer is dependent on (1) the surface area of the drop A,
(2) the driving force (vepor pressure of the fuel) py, (3) the coefficient

of mass transfer K determined by the empirical equation given in ref-
erence 11 (eq. (2)), and (4) a factor « as given by equation (3) to
correct for unidirectional mass transfer.

The rate of heat transfer to the liquid surface is obtalned from the
following equations:

qy = Ah(T - Ty)Z (4)

Nuy, = hkzr 2 + 0.6 Pri/3rel/2 (5)

7 = —— (6)

where

A rigorous derivation of equation (3) is also given in references 8 and
10. The heat transfer is dependent on (1) the surface area 4, (2)
the driving force (T - T3), (3) the heat-transfer coefficient h deter-

mined from equation (5) as given in reference 11, and (4) a correction
factor Z for the heat carried back by the vaporizing fuel.

The heat-transfer rate to the liguld surface qy is divided into a
sensible-heat rate qp end a veporization rate to give the following
equation:

The change in drop temperaiure is determined by

ar -
91, = ®1%p,7 35 (8)

where m; 1s the mass of the drop, Cp,1 is the specific heat, and

dT/dG is the rate et which the temperature of the drop increases. A
complete list of the symbols used in this report are defined in sppendix A.
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A change in drop velocity is produced by aerodynamic drag as the
drop wmoves through the gas. For a spherical droplet

dv ue
u =5 = - Cphpp ' (9)
or
av 3 ppU?
®=8 Do (10)

The change in drop velocity 1s dependent on_the drag coefficient Cp
obtalned from reference 12 as - ) ==

Cp = 27 Re™0-8¢ . : (11)
The velocity change is, therefore, s function of the mass of the drop m,

its area A, the density of the gas pp, and the velocity difference
between the gas and the drop U. .

The increase in gas veloclty is obtained from the following equation,
which 1s derived in appendix B: . _.

du _ UYfin

a8 -~ " m

W’ ' ' (12)

The change in gas velocity depends on the ratlo of the mass-transfer
rate to the initial mass of the drop my and the final gas veloclty

Upin®

The preceding equations were solved by an iterative procedure on __ R

an electronic computer A linear interpolation was used to obtain
average values. A similar procedure was used in references 8 and 10 for
other environmental conditions. The boundafy condiltions that were varied
are shown in table I. Physical properties were determined from the .
equations given in references 9 and 10 for n-heptane. Physical properties
other than those of n-heptane were not considered in this analysis.

RESULTS

The results. of the calculations are draplet histories, exawmples of
vhich are shown in figure 2. Droplet temperature, radius, percentage of
mass vaporized, drop velocity, gas veloclty, and vaporization rate are
shown at various positions in the chamber. The calculated temperature

TL8F
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of the droplet rises rapidly to 880° R (corresponding vapor pressure of
approximately 180 1b/sq in.), which is the "wet bulb" temperature for
the fuel at the conditions specified. The temperature of 880° R agrees
with the measured wall temperatures of internal-film coolants. If the
correction factor for unidirectional diffusion «, and the effect of
mass transfer on heat transfer Z were omitted in the calculation,

the temperature would be much higher (usually taken as the temperature
for a vapor pressure of 300 1b/sg in.).

The percent-mass-vaporized curve (fig. 2(a)) initially has a very
small slope because of the low liquid iemperature of the drop. As the
drop heats, the slope of the percent-mass-vaporized curve increases. At
the end of the drop lifetime, the slope again decreases because of the
decrease 1ln drop surface ares and because the drop is moving faster as
will be described later.

The radius of the drop initially increases and then decreases (fig.
2(a)). The initial increase is produced by thermal expansion of the drop
as it heats. After the "wet bulb" temperature is reached, the radius
curve 1s proportional to the cube root of the mass curve.

The gas-velocity curve (fig. 2(b)) is proportionsl to the percent-
mass-vaporized curve as specified by equation (12). Initially, the curve
has a small slope, which increases as the drop heats. Near the end of
the drop lifetime, the slope again decreases because of the decrease in
drop surface aresa.

The drop velocity first decreases because .of the drag produced by
the low gas velocity. A minimum is reached when the gas velocity equals
the drop velocity. After the minimum point the drop velocity increases
because of the drag produced by the high gas velocity.

The curve {fig. 2(b)) showing the vaporization rate per unit length
has two peak points and & minimum point. The minimum point occurs when
the gas velocity and drop velocity are egual, producing a Reynolds number
of zero and a small Nusselt number. The vaporization-rate curve is
initially low because the temperature of the fuel is low. At the end of
the chawber, the rate is also low because of the small surface of the drop
and the high drop velocity.

Curves similar to those of figure 2 were obtained for various condi-
tions. For simplicity in presenting the results, the effects of verious
conditions will be shown by the percent-mass-vaporized curve and the
vaporization-rate curve. Since the 90- to 100-percent vaporized region
is important in rocket-engine design, a plot of the percentage of mass
unvaporized is also included for better resolution in this region.
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Drop Size . - - - -

The effect of a change in initial. drop size from 0.002- (50 microns)
to 0.012- (300 microns) inch dismeter is shown in figure 3. As expected,
the curves show that small drops will vaporize in a shorter chamber. The

percent-mass-vaporized and -unveaporized curves have the same shape for all )

sizes. The vaporization-rate curves all have the same shape; however,
they are shifted upwards and to the left for swall drops.

Initial~Drop Veloacilty

Changes produced by varying the initial-drop velocity are shown in
figure 4. The percent-mass-vaporized curve (fig. 4(a)) shows that the
inflection point, which occurs when the droplet velocity is the same as
the gas velocity, varied with initial velocity. The higher the initial
velocity, the more mass that is veporized before the inflection point is
reached. The percent-mass-unveporized curve (fig. 4(b)) shows thet a
given percent vaporized is obtained in a shorter chamber length for a
low initiel velocity than with a high velocity. The slopes of the curves
vary somewhat with initial velocity but to a reasonable degree of accuracy
remain constant with initial velocity. The vaporization-rate curve
(fig. 4(c)) shows that the maximum point decreases with higher initial
velocities.

Final Gas Veloclty

The final gas velocity is deflned as the velocity the gases attain
when all the propellants are completely burned. The final gas veloecity
is a fupnction of the ratio of the cheumber srea to the throat area
(contractlon ratio). It would correspond to the velocity in the rocket
combustion chamber prior to the convergent section of the nozzle if the
engine were operating at 100-percent efficlency. The percent-mass-
vaporized curve (fig. 5(a)) shows that in the extremely low percent-
mass-veporized region there is little variation in the percent vaporized
in a glven chamber length with gas velocity. Near the 1lO-percent mess-
vaporized reglon, a low gas velocity has more mess vaporized in a given
chamber length than a high gas velocity. As with initial drop velocity,
the inflection point varies with gas velocity. After the inflection
point there is a crossover in the curves, and a given percent vaporized
is reached in a shorter chamber length with a high gas velocity.

The percent-mass-unveporized curves (fig. 5(b)) show that all the
curves are similar on this plot with the hilgher gas velocities producing
a gilven percent vaporized in a shorter chamber. Since the final gas
velocity is inversely proportional to the contraction ratio, the lower the
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contraction ratio, the shorter the chamber required to vaporize a given
percent of the fuel. The curves have slightly different slopes for dif-
ferent gas velocities.

The vaporization-rate curve of figure 5(c) shows that the first peak
in the curve increases with decreasing gas velocity, and the second peak
decreases with decreasing gas velocity. The positions of the peaks are
also changed.

Chamber Pressure

The percent-mass-vaporized plot of figure 6(a) shows that a gilven
percent vaporized is obtained in a shorter length with a higher chamber
pressure. The percent-mass-unvaporized curve of filgure 6(b) also shows
that a given percent of mass-unveporized 1s obtained in a shorter length
with a higher chamber pressure. The slopes of the curves decrease with
low chamber pressure. The pegks of the vaporization-rate curves
(fig. 6(c)) decrease with increasing chamber pressure and occur at a
gregter distance from the injector.

Initial Liquid Temperature

Eistories for three initial drop temperatures are shown in figure 7.
All the curves show that a higher initial liquid temperature is beneficial.
The biggest effect is in the very low percent-mess-vaporized region. The
vaporization-rate curves are shifted to shorter lengths for higher 1nitial
temperature.

Gas Teuwperature

Histories for gas temperatures of 40000, 5000°, and 7000° R are shown
in figure 8. Except for the time when the drop is heating there is 1little
difference in all the curves as they agree withlin 10 percent over this
extreme temperature condition. For this reason the 5000° R gas temperature
used in most of the calculations does nolt materially affect the spplica-
bility of the resulis.

Correlation of Results

The performance curves were coubined to obtain a single curve rep-
resenting all the results. The multiplication factor on length that
would produce the best agreement was obtained from a cross plot of the
length required to vaporize 90 percent of the mass. The correlated re-
sults obtained from this analysis are shown in figure 9. The spread of
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the length in the percent-mass-vaporized curve (fig. 9(a)) was much greater

than the spread in the percent-mass-unvaporized curve (fig. 9(b)). The

variation in the position of the inflection point produced most of the .
spread. . .

The correlasted results show thet multiplying the chanber length by

0.55 0.25.0.25 .
P~ "upin T 0

1.45_0.75
o Vo

TLEY

r

glves almost a single curve of percent of mass unvaporized as a function -
of chamber length.

A comparison of experimental data and the correlatlion curve is
shown in figure 10(a). Three different injector types are shown, and the
assumed drop size used for each injector is listed. The experimental
results agree very well with the generalized results except at the high
percent evaporated and percent performance level.

DISCUSSION OF RESULTS

The calculations show that the vaporization process requires con-
siderable chamber length before 1t is complete. The results indlcate that
with drops of spproximately 200 microns 1in diameter a chamber length of
8 inches is required to vaporize 90 percent of the mass. This is about
the mass mean size of the droplets obtained with meny injectors and the
length of some rocket chambers. It therefore seems evident that droplet
veporization cannot be neglected in a theory which predicts how to scale _
engines. In fact, from the results obtained in this investigation it ;
appears that the droplet-veporization theory can be used in designing
rocket engines.

A limitatlion to the results presented herein occurs because only a
single drop is considered to represent all the drops in a rocket chember.
Actually, there must be a distribution of size, with some large and some
small drops. This size variation means an addition of numerous histories
for various-size drops. The drop distribution will alter the shape of the _
curves presented herein. The percent-mass-unvaporized curves would be
flatter, for example, as shown by the experlmental points in figure 10(b),
because originally the small drops would veporize faster than the mean
considered, but towards the end of the chamber there would be numerous
larger drops, which would weight the curves toward the large-drop curve.
Consequently, it is impossible to predict accurately the percent vaporized
in a given chamber length of an actual engine. However, since the curves .
are being added together, the correction factors should be equally
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adeptable when there 1s a drop distribution. Therefore, the correction
factors can be used to scale engines and can show gqualitatively what
changes in the engine are beneficial. Additional calculations are needed
when drop-size distribution and spreading are included in the correlation
to predict engine performance sccurately. The calculations should also
be performed for propellants with different physical properties.

SUMMARY OF RESULTS

Calculations were made for n-heptane drops using various drop sizes,
injection velocities, final gas velocities, initial fuel temperatures,
and chamber pressures to show how these variables would affect the va-
porization rate and the chamber lengths required to vaporize the drops.
The results are correlated for ease in using them for design purposes.

The calculations have quantitatively shown the following results:

L. The chamber length required for a given percent of fuel veporized
Increases with larger drop sizes and higher injection velocity.

2. Chamber lengths required for a given percent vaporized decrease
with higher final gas velocity, higher chamber pressures, and higher
initial temperatures.

3. Calculated results agree with experimental resulis when an assumed
drop diameter of 100 to 250 microns is used for the experimental results.

4. Results were correlated to a reassonsble degree of accuracy for
appiication in engine design.

Lewis Flight Propulsion Lahoratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, March 19, 1957
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APPENDIX A

SYMBOLS
surface area of drop, sq in.
coefficient of drag for spheres, dimensionless
specific heat, Btu/(1b}(°F)
diffusion coefficient, sq in./sec
heat-transfer coefficient, Btu/(sq in.)(sec)(°F)
coefficient of mass transfer, sec™l
thermal conductivity, Btu/(in.)(sec)(°F)
molecular weight of fuel, lb/mole
mass of drop, 1b
mass of liquild drop at position x, 1b
Nusselt number for heat transfer, dimenslonless
Nusselt nuwber for mass transfer, dimensionless
oxidant to fuel weight ratio, 1b/lb
total pressure in chamber, 1b/sq in.

vepor pressure of liquid fuel, 1b/sq in.

Prandtl number, cp,um/km’ dimenslonless

senslble heating rate of drop, Btu/sec
heat-transfer rate to surface of drop, Btu/sec
universal gas comstant, 1b/(mole)(CF)

Reynolds number, 2rqUp,/un

radius of drop, in.

NACA TN 3985

TLET



4371

CY-2 back

NACA TN 3985

S cross-sectional area of chamber, sq in.

Sc Schmidt number, w,/Dp;, dimensionless

T temperature of gas, °R

T mean gas temperature, °R

Ty temperature of liquid fuel, °R

U velocity difference between gas and drop, in./sec
u velocity of gas in chamber, in./sec

Upsn final velocity of gas, in./sec

v droplet velocity, in./éec

W veporization rate of fuel, 1b/sec

pS axial position of chamber, in.

Z correction factor for heat transfer, dimensionless
Z heat-transfer factor, dimensionless

o4 correction factor for mass transfer, dimensionless
6 time, sec

A latent heat of vaporization, Btu/1b

1 viscosity of vapor mixture, 1b/(in.)(sec)

p density, 1b/cu in.

. mass-flow rate, lb/sec

Dox mass-flow rate of oxidant, 1b/sec

Subscripts:

£

1

fuel vapor

liquid fuel

11
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vapor umixture
beginning of time (run)
beginning of increment

end of increment

NACA TN 3985

"TI0%
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APPENDIX B
DERIVATION OF EQUATION FOR DETERMINING GAS VELOCITY

The gas velocity is obtained by epplying a mass balance to the
gaseous flow, or

PpS du = dbp + d‘”:’5::'}{ (1)
where
P density of gas
S cross-sectional area of chamber
du change in gas velocity

déf change in mass-flow rate of liquid fuel to vapor
dwny  change in mass-flow rate of gaseous oxygen

The ratio of oxygen to fuel-flow rate is

OX _ o/f (B2)

&
dbg
and, therefore,
dbp + &dox = (L + of£) dde (83)

The following equation results from combining equations (B3) and (Bl):

1l + o/ff .
= d(Df

P

Integrating between the boundsry conditions of uw =0 and &T = éf,o
to u = upjy and @y = 0 results in

gl !f! .
Ufin = - ;ﬁ; ®f,0 (25)

If equations (BS) and (B4) are combined,

au (B4)

a
du _ . £ (B6)
Ufin wf,o
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The mass-flow rate of fuel can be expressed in terms of the mass of the
liquid drop by :

wWhere

my, mwass of the liquid drop at position

T average time between drops that pass through a cross section of the
chamber at a given position (constant throughout the chaumber)

The differentiation of equation (B7) gives
. 1
dﬂ)f =7 dmx (BB)

The boundary condition mf wf o 1is applied where my = mg so that
equation (B7) becomes ' :

: L
@0 =7 T (59)

A combination of equations (B6), (B8), and (B9) gives the following
equation:

a
dw __ Tx (B10)
Urin L)
and by definition - . _
dm, = w a0 (B11)
Therefore,
du L
= - — 38 Blz2
Ufin e (312)
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TABIE I. - BOUNDARY CONDITIONS USED IN CALCULATION

FOR n-HEPTARE

Drop |(Final. |Initial |Initial [Chamber|Gas
diam-~ |gas drop drop pres- temper -
eter, |veloc~ |veloc- |temper- |sure, ature,
in. |ity, ity, ature, 1b
ft/sec {ft/sec °R sq in.
0.002| 800 | 100 500 300 5000
.004
.006
.009
012
.008 | 50
75
150
J 200
200 ) 100
400
1200
1600 [
800 150
Y 600
400 300
700 ]
500 4000
{ 7000
200 50 5000
© 200 | 200
1600 | 200
[ | 1600 | 50 [

TLEY
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Figure 2. - Typlcel droplet histories. Initial drop temperature, 500° R
1200 inchee per second; initiel drop diameter, 0.008 inch {150 microns

9800 inches per ascond; chamber pressure, 300 pounds per square inch absolute; and chamber

temperature, 5000° R.
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Figure 2. - Concluded. Typical droplet histories. Initlal drop temperature,
500° R; initlal drop veloclty, 1200 inches per second; initlal drop diam-
b eter, 0.006 inch (150 microns); final gas veloclty, 9600 inches per msecond;
chamber pressure, 300 pounds per square lnch absolute; and chamber temper-
ature, 5000° R.
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Figure 3. - Effect of drop size on vaporization. Inltial drop temperature, 500° R;
initial drop velocity, 1200 inches per second; final gas veloclity, 9600 inches per
second; chamber pressure, 300 pounds per square inch; and chamber temperature,
5000° R. :
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Figure 3, - Continued.. Effect of drop size on veporization. Initial drop temper-
ature, 500° R; initial drop velocity, 1200 inches per second.- final gas velocity,
9600 inches per second; chember pressure, 300 pounds per sgquare inch, and chember
temperature, 5000° R.
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Figure 3. - Concluded. Effect of drop size on vaporization. Initial
drop temperature, 500° R; initial drop veloclty, 1200 inches per
second; final gas velocity, 9600 inches per second; chamber pressute,
300 pounds per square inch; and chamber temperature, S000° R.
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Fgure 4. - Effect of initisl drop velocity on vaporization.
Initial drop diameter, 0.006 inch (150 microns); initial
drop temperature, 500° R; final gas velocity, 9600 inches
per second; chamber pressure, 300 pounds per square inch
absolute; and chamber temperature, 5000° R.
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Figure 4. - Continued. Effect of initial drop velocity
on vaporizstion. Initial drop diameter, O. 006 inch
(150 microns); initial drop temperature, 500° R; final
gas veloclty, 9600 inches per second; chamber pressure,
300 pounds per square inch absolute, and chamber tem-~
perature, 5000° R.
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(c) Vaporization rate.

Figure 4. - Concluded.
vaporization.

Effect of initial drop velocity on

Initial drop diameter, 0.006 inch (150
microns); initial drop temperature, 500° R; final gas
velocity, 9600 inches per second; chamber pressure, 300
pounds per square inch absolute; and chamber temperature,
5000° R. '
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Figure 5. - Effect of final gas velocity on vaporization.
Initial drop temperature, 500° R; initial drop veloclty,
1200 inches per second; initisl drop dlameter, 0.006 inch
(150 microns); chember pressure, 300 pounds per square
inch absolute; and chamber teuwperature, 5000° R.
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(b) Mass unvaporized.

Figure 5. - Continued. Effect of final gas velocity on

vaporization. Initial drop temperature, 500° R;
initial drop velocity, 1200 inches per second; initial
drop dismeter, 0.006 inch (150 microns); chamber pres-
gure, 300 pounds per square inch absolute; and chamber
temperature, 5000° R.
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Figure 5. - Concluded. Effect of final gas velocity on vaporization.

Initial drop temperature, 500° R; initial drop velocity, 1200 inches
per second; initial drop diesmeter, 0.006 inch (150 microns); chamber

presgure, 300 pounds per square inch absolute; and chember temperature,

5000" R.
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(a) Mass vaporized.

Figure 6. - Effect of chamber pressure on vaporization.
Initial drop temperature, 500° R; initial drop veloc-
ity, 1200 inches per second; initial drop diameter,
0.006 inch (150 microns); final gas velocity, 9600
inches per second; and chamber temperature, 5000° R.
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Figure 6. - Continued. Effect of chamber pressure on vaporization.
Initial drop temperature, 500° R; initial drop velocity, 1200
inches per second; initisl drop diemeter, 0.006 inch (150 microms);
final gas velocity, 9600 inches per second; and chember tempera-
ture, 5000° R. ‘
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Figure 6. - Concluded. Effect of chamber pressure on veporization.
Initial drop temperature, 500° R; initial drop velocity, 1200
inches per second; initial drop diameter, 0.006 inch (150 micronms);
final gas gelocity, 9600 inches per second; and chamber tempera-
ture, 5000° R.
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(a) Mass vaporized.

Figure 7. - Effect of initial liquid temperature on vapori-
zation. Initlal drop veloclty, 1200 inches per second;
initial drop dismeter, 0.006 inch (150 microns); final
gas velocity, 9600 inches per second; chamber pressure,
300 pounds per square inch absolute; and chamber temper-
ature, 5000° R.
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Figure 7. - Continued. Effect of initial liquid temperature
on vaporization. Initial drop velocity, 1200 inches per
sécond; initial drop diameter, 0.006 inch (150 microns);
final gas veloecity, 9600 inches per second; chember pres-
sure, 300 pounds per square inch absolute; and chamber
temperature, 5000° R.
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Figure 7. - Concluded. Effect of initial liquid temperature on
vaporization. Initial drop velocity, 1200 inches per second;
initial drop diameter, 0.006 inch (150 microns), final gas
velocity, 9600 inches per second; chamber pressure, 300 pounds
per square inch absolute; and chamber temperature, 5000° R.
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~ (a) Mass vaporized.

Figure 8. - Effect of gas temperature on vaporization.
Initial drop temperature, 500° R; initial drop velocity,
1200 inches per second; inltial drop diameter, 0.006
inch (150 micromns); final gas velocity, 9600 inches per
second; and chamber pressure, 300 pounds per square inch
absolute.
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Figure 8. - Continued. Effect of gas temperature on vaporlza-

tion. Initial drop temperature, 500o R; initial drop veloc-
ity, 1200 inches per second; initial drop diameter, 0.006
inch (150 microns); final gas velocity, 9600 inches per
second; and chamber pressure, 300 pounds per square inch
absolute.
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Figure 8. - Concluded. Effect of gas temperature on vapori-
zation., Initial drop temperature, 500° R; initial drop
velocity, 1200 inches per second; 1nitisl drop diameter,
0.006 inch (150 microns); final gas velocity, 9600 inches
per second; and chamber pressure, 300 pounds per square
inch absolute.
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Pigure 9. - Correlation of results.
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Figure 9. - Concluded.

Correlation of results.
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Figure 10. -~ Comparison of experimental and calculsted results. Initial
temperature, 520° R; initial velocity, 600 inches per second; final
ges veloclity, 4800 inches per second; chember pressure, 250 pounds per
square inch; and chember temperature, 5000° R.
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